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(57) ABSTRACT 

The invention provides a medical device having two elon 

gate catheters, a pump, and a refrigeration system. Each 
catheter has a proximal end, a distal end, a lumen therebe 
tween and communicating with a distal port. The proximal 
ends of the catheters are connected to the pump and the 

refrigeration system. The distal ends are adapted for inser 
tion into the subarachnoid space. The cerebral spinal ?uid is 
aspirated from the ?rst catheter to the pump, cooled to below 
body temperature, and returned to the second catheter. The 
?ow rate of the cerebral spinal ?uid is adjusted according the 
CSF pressure and temperature. Also described are methods 
of using the devices in treating patients suffering from 
neurologic complications that arise as a result of inadequate 
cerebral perfusion, such as cardiac arrest, cardiac failure, 
low cardiac output states, stroke, head injury, cerebral aneu 
rysm surgery, open and closed cardiac surgery and aortic 

surgery. 

26 Claims, 14 Drawing Sheets 
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MEDICAL DEVICE FOR INTRATHECAL 
CEREBRAL COOLING AND METHODS OF 

USE 

This is a continuation of US. application Ser. No. 
09/823,168, ?led Mar. 29, 2001, now US. Pat. No. 6,379, 
331 Which is a continuation of US. application Ser. No. 
09/287,969, ?led Apr. 7, 1999, now US. Pat. No. 6,217,552 
Which is a continuation-in-part of US. application Ser. No. 
09/260,370, ?led Mar. 1, 1999, noW abandoned, the contents 
of each are expressly incorporated herein by reference in 
their entirety. 

FIELD OF THE INVENTION 

The present invention generally relates to medical devices 
useful in reducing and preventing spinal injury in patients 
With spinal trauma or patients undergoing aortic surgery. 
More speci?cally, the invention provides devices for inser 
tion into the subarachnoid space for circulating and cooling 
the cerebral spinal ?uid beloW body temperature. The ?oW 
rate of the cerebral spinal ?uid is variably adjusted accord 
ing to the pressure and temperature, respectively measured 
by a manometer and thermometer. 

BACKGROUND OF THE INVENTION 

Spinal ischemia resulting in neurological complications 
occurs in patients sustaining a traumatic injury to the spinal 
cord or patients undergoing aortic surgery. Spinal cord 
injury can be classi?ed as penetrating or blunt. In penetrat 
ing injuries, such as stab Wound or gun shot Wound to the 
spinal cord, complete severing of the spinal cord can occur, 
resulting in total muscular paralysis and loss of sensation 
beloW the level of injury. This condition of ?accid paralysis 
and suppression of all re?ex activity folloWing immediately 
upon transection of the spinal cord and involving all seg 
ments beloW the lesion is referred to as spinal shock. In most 
cases, re?ex activity returns Within 1 to 6 Weeks from the 
onset of the spinal shock. Once transection of the spinal cord 
has occurred, peripheral reinnervation by the nervous sys 
tem does not occur. 

Spinal shock also occurs in blunt injuries, such as in 
motor vehicle accident, Where compression of the spinal 
cord by impingement from fractured or dislocated vertebral 
bodies results in sensory and motor impairment beloW the 
level of cord involvement. Diagnosis of spinal fracture or 
dislocation is often made on X-rays. Spinal cord compres 
sion can be diagnosed on MRI, CT scan With myelogram, or 
lumbar puncture (Queckenstedt test). The mechanism of 
spinal ischemia is mostly caused by sWelling of the cord. In 
these patients, hypotension may also occur as a result of loss 
of vascular sympathetic tone in the involved area. Urinary 
and/or boWel incontinence is a common complication due to 
impaired autonomic function. 

Spinal ischemia is also a common postoperative compli 
cation folloWing aortic surgeries, such as abdominal aortic 
aneurysmectomy. The incidence of spinal cord ischemia/ 
stroke during aortic surgery is typically over 10%. During 
abdominal aortic aneurysm repair, for example, the 
spinal arteries, Which provide blood supply to the spinal 
cord, are often severed from the diseased aorta, and some but 
not all of Which are later resutured to the prosthetic graft. As 
a result, blood ?oW to the spinal cord is reduced. When 
reduction of spinal perfusion lasts the duration of the 
surgery, typically more than forty-?ve minutes, spinal 
ischemia/stroke may ensue, often resulting in anterior spinal 
artery syndrome. The classic syndrome is characteriZed by 
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2 
paraplegia, rectal and urinary incontinence, loss of pain and 
temperature sensation, but With sparing of vibration and 
proprioceptive sense. Patients may also sustain neurologic 
de?cits in the loWer extremities after abdominal aortic 
surgery due to loss of posterior column modalities. 

Brain damage associated With either stroke or head 
trauma is Worsened by hyperthermia and improved With 
hypothermia. Current treatment for acute ischemic stroke 
and head injury is mainly supportive. A thrombolytic agent, 
e.g., tissue plasminogen activator (t-PA), can be adminis 
tered to stroke patients Who have no contraindication to 
t-PA. Current treatment for patients suffering from spinal 
injury is also supportive, e.g., to secure local hemostasis and 
to prevent infection by appropriate debridement, closure, 
and administration of antibiotics in penetrating spinal injury. 
In patients suffering from blunt injuries, surgical decom 
pression of the spinal cord may be performed to restore 
neurological function. Spinal ischemia/stroke due to aortic 
surgery is also treated With supportive therapy, e.g., main 
taining hemodynamic stability and monitoring neurological 
status, While Waiting for the neurological de?cits to recover 
With time. Therefore, besides surgical intervention in blunt 
injury, there is currently no good treatment Which reduces 
neurologic damage to the spinal cord. 
NeW devices and methods are thus needed in treating 

spinal ischemia/stroke in patients having spinal cord trauma 
or aortic surgery, in preventing spinal ischemia in patients 
anticipating a major thoracoabdominal surgery, or in cere 
bral ischemia, Which minimiZes neurological complication 
and improves the patients’ quality of life Without causing 
signi?cant side effects. 

SUMMARY OF THE INVENTION 

The invention provides devices and methods for reducing 
neurologic complications in patients sustaining trauma to the 
spinal cord or undergoing aortic surgery. More speci?cally, 
the invention provides devices and methods for cooling the 
cerebral spinal ?uid (CSF) surrounding the spinal cord. 
A ?rst embodiment of the device comprises tWo elongate 

catheters, each having a proximal end, a distal end, and a 
lumen communicating With a port at the distal end. The 
distal ends of the ?rst catheter and the second catheter are 
adapted for insertion into a patient’s subarachnoid space. 
The proximal ends of the catheters are connected to a pump 
to facilitate circulation of the CSF through the lumens of the 
catheters. Arefrigeration system is connected to the pump to 
provide adjustable cooling of the CSF, such that CSF 
?oWing through the lumen of the ?rst catheter is cooled to 
beloW body temperature before ?oWing into the lumen of the 
second catheter. The CSF pressure in the circuit is measured 
by a manometer included in the catheters, the pump, or the 
refrigeration system. It Will be understood that although the 
pump is advantageous, it may not be included in all embodi 
ments for circulation of the CSF. 

In another embodiment, the distal end of each catheter 
carries a needle Which facilitates introduction of the devices 
into the subarachnoid space. A suture ?ange is mounted on 
a distal region of the ?rst catheter and/or the second catheter 
for securing the devices after insertion into the subarachnoid 
space. Other embodiments of the devices include radiopaque 
markers mounted at the distal end of each catheter for 
identifying the position of the catheters in the subarachnoid 
space. 

In still another embodiment, the proximal end of each 
catheter includes a port for infusing ?uid, such as Ringer’s 
lactate solution, or pharmaceutical agents into the subarach 
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noid space. The port can be used to drain the CSF for 
reducing pressure in the subarachnoid space. Alternatively, 
a release valve may be included proximally in one of the 
catheters to drain the CSF When the pressure exceeds a 
desired threshold. A distal region of each catheter may be 
angled relative to the proximal end to facilitate entry and 
rostral advancement in the subarachnoid space. 

In still another embodiment, the devices include at least 
one thermometer. The thermometer can be included in the 
proximal end of the ?rst and/or second catheter for measur 
ing the temperature of the CSF or CSF/?uid mixture enter 
ing and exiting the subarachnoid space. 

The methods for cooling the spinal cord to prevent 
neurologic damage during inadequate spinal perfusion uti 
liZe the devices disclosed herein. In a ?rst method, the distal 
end of the ?rst catheter is inserted percutaneously betWeen 
the spinous processes of lumbar vertebrae L3 and L4 or L4 
and L5 into the subarachnoid space. The distal end of the 
second catheter is inserted in the lumbar region at a level 
above or beloW the insertion of the ?rst catheter. The second 
catheter is advanced rostrally in the subarachnoid space so 
that the distal port is positioned preferably in the loW 
cervical or high thoracic region of the spine or optionally in 
the lumbar region. The position of the catheters can be 
veri?ed under ?uoroscopy in the embodiments Where the 
distal ends of the catheters include one or more radiopaque 
marker. Preferably, the CSF is aspirated from the ?rst 
catheter, cooled by the refrigeration system, and passed into 
the second catheter. Alternatively, the CSF is aspirated from 
the second catheter, cooled by the refrigeration system, and 
passed into the ?rst catheter. In this manner, the CSF is 
cooled to beloW normal body temperature, Which can be 
monitored by thermometers included in either or both cath 
eters. The greater the cooling the greater the degree of 
protection is likely for the spinal cord. 

In another method, after insertion of the catheters, the 
CSF is drained in the lumbar region to reduce the CSF 
pressure to Zero. The CSF pressure can be monitored by a 
manometer included in either or both catheters. The CSF is 
collected in a bag and discarded after the procedure. Fluid, 
such as Ringer’s lactate, is infused through one of the 
catheters, preferably the second catheter, and drained pas 
sively through the ?rst catheter. The CSF collected in a bag 
may be discarded or reintroduced at the end of the proce 
dure. The CSF/Ringer’s lactate mixture is cooled through 
the refrigeration system and circulated by activating the 
pump. The pump can be either volume limited or pressure 
limited. The temperature of the CSF mixture can be reduced 
rapidly, and the How rate is adjusted to maintain the desired 
temperature. The CSF pressure is maintained preferably at a 
minimum, i.e., at approximately Zero, to maximiZe perfusion 
to the spinal cord. 

In still another embodiment, a port protecting mechanism, 
e.g., a net or a fence guard, is mounted at the distal ends of 
the catheters. When the pump is activated, the mechanism 
prevents the arachnoid from folding over and obstructing the 
suction and port, and prevents nerve roots from being sucked 
into the catheter. The mechanism may be an integral part of 
the catheter, or be operably mounted on the inner catheter 
Wall and deployed When the needle is WithdraWn. 

In still another method, the distal end of the ?rst catheter 
is inserted betWeen the spinous processes of lumbar verte 
brae I3 and L4 or L4 and L5 into the subarachnoid space. 
The distal end of the second catheter is inserted betWeen the 
spinous processes of loW cervical vertebrae or high thoracic 
vertebrae, e.g., betWeen C-6 and C-7, betWeen C-7 and T-l, 
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4 
or betWeen T-1 and T-2, into the subarachnoid space. The 
CSF is aspirated preferably through the ?rst catheter, cooled 
through the refrigeration system to beloW body temperature, 
and passed into the second catheter. Alternatively, the CSF 
is aspirated from the second catheter in the loW cervical or 
high thoracic region and passed into the ?rst catheter in the 
lumbar region to provide spinal cooling. This method may 
be desirable in situations Where the second catheter can not 
be advanced rostrally in the subarachnoid space due to an 
edematous spinal cord after injury. 

It Will be understood that although the devices and 
methods are most useful in treating patients With spinal 
trauma or undergoing aortic surgery, they can be utiliZed to 
reduce neurologic damage during cerebral hypoperfusion in 
situations, such as cardiac arrest, cardiac failure, loW cardiac 
output states, stroke, head injury, cerebral aneurysm surgery, 
open and closed cardiac surgery and aortic surgery. Selective 
cooling of the cerebral tissues is preferred over systemic 
cooling, Which may have undesirable effects on the heart and 
other organs and induce systemic coagulopathy. In using the 
devices, the distal end of the ?rst catheter is inserted 
betWeen the loW cervical vertebrae or high thoracic verte 
brae into the subarachnoid space. The distal end of the 
second catheter is inserted either in the lumbar region as 
described above or betWeen the cervical vertebrae, in the 
foramen magnum, or through a skull burr hole into the 
subarachnoid space or the lateral ventricle. The CSF is 
preferably aspirated from the ?rst catheter in the cervical 
subarachnoid space, cooled to beloW body temperature, and 
passed through the second catheter into the subarachnoid 
space in the cervical region or the brain. The patients may be 
tilted back and forth to improve circulation of the hypoth 
ermic CSF in patients With stroke, head trauma, or spinal 
injury. The How rate of the CSF is adjusted according to the 
CSF temperature and pressure to maximiZe hypothermic 
protection on the cerebral tissues. 

It Will be understood that there are several advantages in 
using the devices and methods disclosed herein for reducing 
neurological complications Which occur during aortic sur 
gery or trauma. For example, the devices can be used (1) to 
provide continuous and variable spinal cooling, (2) in 
patients With either blunt or penetrating spinal trauma imme 
diately after injury, (3) to selectively provide protective 
hypothermia to the spinal cord, thereby avoiding complica 
tions associated With systemic cooling, (4) by an anesthe 
siologist prior to aortic surgery, (5) to reduce neurologic 
de?cits during cerebral hypoperfusion in patients With, e.g., 
stroke, cardiac failure, or cardiac surgery, (6) during aortic 
surgery, such as AAA repair, to lengthen the WindoW for 
reattachment of the spinal arteries, and (7) to provide 
intrathecal administration of neuroprotective agents. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 depicts blood supply and venous drainage of the 
spinal cord. 

FIG. 2 depicts the relation of spinal cord segments to an 
adult patient’s vertebral column. 

FIG. 3 depicts an embodiment of the medical device for 
providing spinal cord cooling according to the present 
invention. 

FIG. 4 depicts another embodiment of the medical device 
for providing spinal cord cooling according to the present 
invention. 

FIG. 5A depicts a distal end of another embodiment of the 
device including a needle. 

FIG. 5B depicts the distal end of the needle of FIG. 5A 
entering the subarachnoid space. 
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FIG. 5C depicts the distal end of the device of FIG. 5A 
entering the subarachnoid space. 

FIG. 6A depicts another embodiment of the needle carried 
at the distal end of a catheter. 

FIG. 6B depicts the needle of FIG. 6A inserted in the 
subarachnoid space. 

FIG. 6C depicts the needle and the distal end of the 
catheter of FIG. 6A inserted in the subarachnoid space. 

FIG. 6D depicts the needle of FIG. 6A being removed 
from the catheter. 

FIG. 6E depicts the device of FIG. 6A inserted in the 
subarachnoid space Without the needle. 

FIG. 7 depicts the catheters of the device of FIG. 4 
inserted in the lumbar region. 

FIG. 8 depicts the catheters of another embodiment of the 
device inserted in the lumbar and cervical region. 

FIG. 9 depicts the device according to the present inven 
tion inserted in various cranial locations to provide cooling 
to the cerebral tissue. 

FIG. 10A depicts another embodiment of the catheter 
having a distal bendable region Which assumes a linear 
con?guration relative to the proximal end of the catheter. 

FIG. 10B depicts the catheter of FIG. 10A having the 
distal bendable region assuming an angled con?guration 
relative to the proximal end of the catheter. 

FIG. 11A depicts another embodiment of the catheter 
having a distal bendable region and a side port. 

FIG. 11B depicts the catheter of FIG. 11A inserted in the 
subarachnoid space. 

FIG. 11C depicts a distal region of the catheter of FIG. 
11B assuming an angled con?guration relative to the proxi 
mal end of the catheter. 

FIG. 12A depicts one embodiment of a port protecting 
mechanism having a net mounted over the distal port of the 
catheter. 

FIG. 12B depicts another embodiment of the port pro 
tecting mechanism having a fence guard mounted over the 
distal port of the catheter. 

FIG. 12C depicts one embodiment of the port protecting 
mechanism mounted in the inner Wall of the catheter. 

FIG. 12D depicts the port protecting mechanism of FIG. 
12C after being activated by WithdraWing the needle. 

FIG. 12E depicts another embodiment of the port pro 
tecting mechanism having a moveable hinge mounted in the 
inner Wall of the catheter. 

FIG. 12F depicts the port protecting mechanism of FIG. 
12E covering the distal port of the catheter. 

DETAILED DESCRIPTION 

The spinal cord, part of the central nervous system, is 
located in the vertebral canal (neural canal) Which contains 
the spinal cord, its protective membranes, called spinal 
meninges, and associated vessels embedded in loose con 
nective and fatty tissue. The spinal meninges include pia 
mater 5, arachnoid mater 6, and dura mater 7 as depicted in 
FIG. 1. The subarachnoid space is formed betWeen the pia 
mater and arachnoid mater. The epidural (extradural) space 
is formed betWeen the arachnoid mater and the dura mater. 
During lumbar puncture, for example, the spinal needle is 
inserted into the lumbar interspinous space, and penetrates 
the dura mater and arachnoid mater to reach the subarach 
noid space. 

The spinal cord is supplied by three longitudinal arteries, 
i.e., an anterior spinal artery and tWo posterior spinal 
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6 
arteries, Which are reinforced by segmental vessels called 
radicular arteries. These vessels are derived from branches 
of the vertebral, deep cervical, intercostal, and lumbar 
arteries, all of Which branch from the aorta. In FIG. 1, 
anterior spinal artery 1, formed by tWo small branches from 
the vertebral arteries, supplies the anterior tWo-third of the 
spinal cord. Posterior spinal arteries 2, arise as small 
branches of either the vertebral or the posterior inferior 
cerebellar arteries, supply the posterior one-third of the 
spinal cord. Fracture and/or dislocations of the spinal col 
umn may interfere With blood supply to the spinal cord from 
the spinal arteries. The blood supply by the anterior and 
posterior spinal arteries is suf?cient only for the superior 
cervical segments of the spinal cord. The remaining seg 
ments receive most of their blood supply from the radicular 
arteries, Which supply the vertebrae, meninges, and the 
spinal arteries. Great anterior radicular artery 3 (also knoWn 
as artery of AdamkieWicZ) arises from an inferior intercostal 
or a superior lumbar artery. This artery is clinically impor 
tant because it contributes to the anterior spinal artery, and 
therefore, When the intercostal or lumbar artery is severed, 
e.g., during aortic surgeries, the main blood supply to the 
inferior tWo-third of the spinal cord is compromised. These 
patients may lose all sensation and voluntary movement 
distal to the level of impaired blood supply to the spinal 
cord. 
The relation of spinal cord segments 20 to the adult 

vertebral column is illustrated in FIG. 2. The spinal cord lies 
in the spinal canal surrounded by vertebral bodies 22 ante 
riorly and spinous processes 23 posteriorly. The spinal cord 
begins as a continuation of the inferior part of the brain stem. 
In adults the spinal cord usually ends opposite the interver 
tebral disc betWeen L1 and L2 vertebrae. There are 31 pairs 
of spinal nerves attached to the spinal cord by dorsal and 
ventral roots 21. The bundle of nerve roots in the subarach 
noid space caudal to the termination of the spinal cord is 
cauda equina 25. The cerebral spinal ?uid is usually 
obtained from the lumbar subarachnoid space betWeen the 
spinous processes of L3 and L4 or L4 and L5 vertebrae 
because the spinal cord ends above these levels and is not 
likely to be damaged by a lumbar puncture needle or 
catheter. 

FIG. 3 depicts a ?rst embodiment of the device for 
cooling the spinal cord to prevent neurologic damage during 
inadequate spinal perfusion. The device includes tWo elon 
gate catheters. First catheter 30 has lumen 33, proximal end 
31, and distal end 32. The lumen communicates With port 35 
at the distal end. Second catheter 40 has lumen 43, proximal 
end 41, and distal end 42. Lumen 43 communicates With port 
45 at the distal end. Distal ends 32 and 42 are adapted for 
attachment to a lumbar puncture needle. Pump 50 is con 
nected to proximal end 31 and 41 of the respective ?rst and 
second catheters. Cooling system 52 is connected to pump 
50 to provide variable cooling of the CSF. Proximal end 31 
of the ?rst catheter also includes manometer 55 for measur 
ing CSF pressure in the circuit. 

FIG. 4 depicts another embodiment of the spinal cooling 
device. The device includes ?rst and second catheter 30 and 
40, each having, respectively, proximal end 31 and 41, distal 
end 32 and 42, and lumen 33 and 43. The proximal ends of 
the catheters are connected to pump and cooling unit 51, 
capable of providing circulation and cooling of the CSF in 
the circuit. The proximal end of the ?rst catheter also 
includes manometer 55 and thermometer 60 for measuring, 
respectively, CSF pressure and temperature exiting or enter 
ing the ?rst catheter. The proximal end of the second catheter 
also includes second thermometer 61 for measuring CSF 
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temperature exiting or entering the second catheter. When 
the CSF pressure exceeds a desired threshold, the CSF can 
be drained from release valve 65 included in the ?rst catheter 
or port 64 included in the second catheter. Port 64 can also 
be used to administer ?uid or pharmaceutical agents into the 
subarachnoid space. Each distal end of the catheters carries 
needle 66, Which facilitates introduction of the catheter into 
the subarachnoid space. 

FIGS. 5A, 5B, and 5C depict distal ends of an embodi 
ment of the device carrying a needle. In FIG. 5A, needle 66 
is carried in lumen 33 of distal end 32 of the catheter. Distal 
end 67 of the needle protrudes distally from port 35. The 
needle is movable Within the lumen of the catheter by 
operating mechanism 68, capable of reversibly locking and 
releasing the needle in the lumen. 

In use, distal end 67 of the needle is inserted through soft 
tissue 71 betWeen the spinous processes of tWo vertebrae 
into subarachnoid space 70 as depicted in FIG. 5B. Once the 
entry of the subarachnoid space is con?rmed by the back 
?oW of the CSF through the needle into lumen 33, mecha 
nism 68 is operated to release the needle in the lumen. Distal 
end 32 of the catheter is advanced distally over the needle to 
insert in the subarachnoid space as depicted in FIG. 5C. The 
CSF is then circulated through port 35 and lumen 33 of the 
catheter. 

Another embodiment of the catheter carrying a needle at 
its distal end is depicted in FIGS. 6A, 6B, 6C, 6D, and 6E. 
In FIG. 6A, distal end 32 of the catheter includes second 
lumen 34 for housing needle 66. Lumen 34 communicates 
With lumen 33 of the catheter, distally With port 35, and 
proximally With port 36. Needle 66, Which has distal end 67 
and proximal end 68, is slidably movable in lumen 34. Distal 
end 67 protrudes distally from port 35, and proximal end 68 
protrudes proximally from port 36. Suture ?ange 69 is 
slidably mounted on distal end 32 of the catheter. 

In use, distal end 67 of the needle is inserted through soft 
tissue 71 betWeen spinous processes of tWo vertebrae into 
subarachnoid space 70 as depicted in FIG. 6B. While 
holding proximal end 68 of the needle, the distal end of the 
catheter is advanced distally over the needle to insert in the 
subarachnoid space as depicted in FIG. 6C. Needle 66 is 
removed from subarachnoid space 70 by pulling on end 68 
proximally as depicted in FIG. 6D. Sutures can be placed 
betWeen suture ?ange 69 and soft tissue 71 to secure the 
catheter. The needle can remain in lumen 34 or be removed 
completely from lumen 34. In FIG. 6E, after removal of the 
needle, the CSF is circulated through port 35 and lumen 33. 
Port 36 can also be used as a release valve for draining the 
CSF When the CSF pressure exceeds a desired threshold or 
as an infusion port for administering ?uid, such as Ringer’s 
lactate solution, or pharmaceutical agents into the subarach 
noid space. 

The devices disclosed herein are useful in reducing neu 
rologic injury to the spinal cord folloWing spinal trauma or 
aortic surgery by providing cooling of the CSF surrounding 
the spinal cord. In FIG. 7, the device of FIG. 4 is shoWn 
inserted in a patient’s lumbar region. Under sterile 
condition, tWo lumbar punctures are performed. Needle 66, 
preferably 14 Gauge, carried in distal end 32 of ?rst catheter 
30 is inserted betWeen spinous processes 23 of L4 and L5 
into subarachnoid space 70. Needle 66 carried in distal end 
42 of second catheter 40 is inserted betWeen the spinous 
processes of L3 and L4 into subarachnoid space 70. In 
alternative methods, the needle and catheter may be inserted 
betWeen L5 and S1, L2 and L3, or L1 and L2. The catheters 
are advanced distally over the needle so that port 35 and 45 
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receive the CSF. Port 35 of the ?rst catheter is positioned in 
the lumbar subarachnoid space, Whereas distal end 42 of the 
second catheter is advanced rostrally in the subarachnoid 
space until it is positioned in the loW cervical or high 
thoracic region. Port 45 is shoWn positioned betWeen the 
spinous processes of C7 and T1. Radiopaque markers may 
be mounted on the distal ends of the catheters so that the 
position of the distal ends can be con?rmed radiologically. 
Insertion of the tWo catheters in the lumbar region is 
preferred because spinal cord 75 usually terminates about 
L2, and damage to the spinal cord due to instrumentation is 
not likely. Prior to the aortic surgeries, such as abdominal 
aneurysm repair, the device may be inserted by an 
anesthesiologist, so that the surgeon Would not be inconve 
nienced. 

After the catheters are secured in the subarachnoid space, 
the CSF from the lumbar region may be drained through 
release valve 65 to reduce the CSF pressure to approxi 
mately Zero, Which is measured by second manometer 56, 
optionally included in the distal end of the catheter. The CSF 
is normally collected in a bag and may be discarded or 
reintroduced after the procedure. Large bore catheters, e.g., 
3 or 4 French, may be used to rapidly drain the CSF (at 
approximately 100—150 cc in 3—4 minutes), thereby elimi 
nating the need of using suction, Which may cause the 
arachnoid to obstruct the distal ports or inadvertent damage 
by suction on a nerve root. Fluid, such as Ringer’s lactate, 
is infused through the second catheter and drained passively 
through the ?rst catheter. Preferably, this CSF and Ringer’s 
lactate mixture is WithdraWn from the ?rst catheter in the 
lumbar region, cooled by pump and cooling unit 51, and 
passed into the second catheter in the loW cervical/high 
thoracic region. Alternatively, the CSF is WithdraWn from 
the second catheter and passed into the ?rst catheter. Any 
cooling of the CSF is bene?cial in protecting the spinal cord 
from ischemic injury. The greater the cooling, the greater the 
degree of protection. The temperature of the CSF exiting and 
entering the subarachnoid space in the lumbar region is 
measured by thermometers 60 and 61, respectively. Using 
this method, the CSF temperature can be reduced rapidly. 
The ?oW rate of the recirculated CSF mixture can be 
adjusted to keep the CSF temperature and pressure at a 
desired level. It is desirable to keep the CSF pressure at a 
minimum, at approximately Zero, to maximiZe any remain 
ing perfusion in the spinal cord after injury. The cooling of 
the spinal cord and/or can be maintained during and/or 
several hours after aortic surgery, and be maintained several 
hours folloWing spinal cord trauma or stroke. At the end of 
the cooling period, the CSF temperature is alloWed to rise 
sloWly. The catheters are then removed from the lumbar 
region. 

Instead of having the second catheter inserted in the 
lumbar region, the second catheter can be inserted in the loW 
cervical or high thoracic region. In FIG. 8, distal end 32 of 
?rst catheter 30 is inserted in the lumbar subarachnoid space 
betWeen L4 and L5, Whereas distal end 42 of second catheter 
40 is inserted in the cervical subarachnoid space betWeen C6 
and C7. The distal ends of the catheters may be advanced 
over a needle into the subarachnoid space as described in 
FIGS. 5A, 5B, and 5C. This method may be preferred in 
situations Where spinal cord 75 is very sWollen and rostral 
advancement of the second catheter through the lumbar 
region is dif?cult. The second catheter may be inserted in the 
cervical region by a radiologist under ?uoroscopy. 

After the catheters are secured in the subarachnoid space, 
the CSF is aspirated through either catheter to the pump, 
cooled to beloW body temperature through a refrigeration 
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system, and passed to the other catheter. Preferably, the CSF 
is aspirated from the ?rst catheter in the lumbar region, and 
the cooled CSF or CSF/Ringer’s lactate mixture is returned 
to the second catheter in the cervical region, closer to the site 
of spinal injury. 

Circulation of hypothermic CSF by inserting the distal 
ends of the ?rst and second catheters in the spinal region 
may be suf?cient to protect the brain in patients suffering 
from focal or hemispherical ischemia, since the spinal CSF 
communicates With the cerebral CSF. Alternatively, cooling 
of the cerebral CSF can be achieved by inserting the distal 
end of the ?rst catheter betWeen the spinous processes of tWo 
cervical vertebrae, and inserting the distal end of the second 
catheter in the cervical region 90 into spinal subarachnoid 
space 91, through foramen magnum 92 into cerebellomed 
ullary cistern 93, or through skull burr hole 94 into the 
subarachnoid space 95 as depicted in FIG. 9. Alternatively, 
the second catheter can be inserted through a burr hole into 
the lateral ventricle (not shoWn). The CSF is preferably 
aspirated from the ?rst catheter in the cervical region, cooled 
to beloW body temperature, and returned to the second 
catheter. The patient may be gently tilted back and forth to 
improve circulation of the CSF. This method is useful in 
situations Where neurologic complications arise as a result of 
inadequate cerebral perfusion, such as cardiac arrest, cardiac 
failure, loW cardiac output states, stroke, head injury, cere 
bral aneurysm surgery, open and closed cardiac surgery and 
aortic surgery. Selective cerebral cooling is advantageous 
over systemic cooling in that complications due to systemic 
cooling, such as cardiac arrhythmia, disseminated intravas 
cular coagulopathy, and poor healing, can be avoided. 

It Will be understood that cooling of the brain and the 
spinal cord by intrathecal circulation of hypothermic CSF or 
CSF/Ringer’s lactate mixture can be achieved by inserting 
the ?rst catheter in the lumbar region and the second catheter 
in any spinal level or through skull burr hole in the ventricle. 
For example, intrathecal cooling of the cerebral tissue can be 
achieved by inserting the ?rst catheter in the lumbar region 
and the second catheter one level immediately above or 
beloW the level of the ?rst catheter insertion. 

FIGS. 10A and 10B depict another embodiment of the 
catheter having bendable region 80 at distal region 32. In 
FIG. 10A, the distal end of the catheter is inserted through 
soft tissue 71 into subarachnoid space 70. As needle 66 is 
inserted through bendable region 80 and protrudes distal to 
port 35 into the subarachnoid space, distal region 32 
assumes a linear con?guration relative to the proximal end 
of the catheter. Once the entry of subarachnoid space 70 is 
con?rmed by the back-?oW of the CSF through needle 66 
into lumen 33, mechanism 68 is operated to release the 
needle in the lumen. Distal region 32 of the catheter is 
advanced distally over the needle to insert in the subarach 
noid space as depicted in FIG. 10B. As bendable region 80 
is advanced distally in the subarachnoid space over needle 
66, distal region 32 assumes an angled con?guration relative 
to the proximal end of the catheter. Distal port 35 can be 
positioned rostrally as shoWn in FIG. 10B or positioned 
caudally. 

FIGS. 11A, 11B, and 11C depict another embodiment of 
the device for intrathecal cooling of the CSF having bend 
able region 80 and side port 82 at distal region 32 of the 
catheter. In FIG. 11A the catheter has ?rst lumen 33 and 
second lumen 84. The ?rst lumen communicates With distal 
port 35, needle lumen 34, and proximal end 31, Which 
includes thermometer 60 for measuring CSF temperature. 
The needle lumen communicates proximally With port 36, 
Which can be used to drain CSF When the CSF pressure 
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10 
exceeds a desired threshold, or as an infusion port for 
administering ?uid, such as Ringer’s lactate solution, or 
pharmaceutical agents into the subarachnoid space. The 
second lumen communicates With side port 82 and proximal 
end 85, Which includes manometer 55 for measuring CSF 
pressure. Cooling system 52 is connected to proximal ends 
31 and 85 to provide variable cooling of the CSF. Slidable 
suture ?ange 69 is mounted on the catheter proximal to side 
port 82. Lumens 33 and 84 may be joined distally and 
separated proximally. Distal region 32 assumes a linear 
con?guration relative to a proximal end of needle lumen 34. 

In use, needle 66, Which protrudes distal to port 35, is 
inserted in the subarachnoid space. Distal region 32 of the 
catheter, in a linear con?guration With the proximal end of 
lumen 34, is advanced over the needle to insert in subarach 
noid space 70 as shoWn in FIG. 11B. As bendable region 80 
and side port 82 are advanced distally to position in sub 
arachnoid space 70 as depicted in FIG. 11C, distal region 32 
assumes an angled con?guration relative to the proximal end 
of lumen 34 and distal port 35 is positioned rostrally in the 
subarachnoid space. Position of side port 82 is veri?ed by 
back-?oW of the CSF in lumen 84. The needle may be 
removed from lumen 34, leaving port 36 available to drain 
the CSF or infuse Ringer’s lactate solution. Sutures can be 
placed on suture ?ange 69 to secure the catheter onto soft 
tissue 71. Preferably, the CSF is drained by gravity or by a 
pump from port 82, passed through lumen 84, cooled by the 
cooling system, and returned to port 35 through lumen 33 
and 34. In this Way, circulation of hypothermic CSF for 
protecting the brain and the spinal cord is achieved by 
inserting the device through a single spinal level, thereby 
eliminating the need for tWo spinal punctures. 
The distal end of the catheter may include a port protect 

ing mechanism to protect the arachnoid from folding over or 
a nerve root from being sucked into the distal port of the 
catheter, especially When the pump is used. In FIG. 12A, net 
86, Which is mounted over port 35 at the distal end of the 
catheter, alloWs needle 66 to protrude distal to port 35 and 
prevents soft tissue from entering the port. In FIG. 12B, 
fence guard 87, another embodiment of the port protecting 
mechanism, is mounted at the distal end of the catheter. 
Needle 66 is inserted through the center of the fence guard. 
Both the fence guard and the needle protrude distal to port 
35. In FIG. 12C, releasable protecting mechanism 88, oper 
ably associated With needle 66, is mounted in the inner Wall 
of the distal end of the catheter. As needle 66 is WithdraWn 
from distal port 35 as shoWn in FIG. 12D, protecting 
mechanism 88 is released distally overlying port 35, thereby 
preventing the arachnoid or a nerve root from entering the 
port during suction. In FIG. 12E, net 90, having a dome-like 
frame, is mounted on the distal end of the catheter by hinge 
89. The hinge alloWs net 90 to open and close, thereby 
covering the distal port of the catheter. When net 90 is 
positioned adjacent the inner Wall of the catheter, needle 66 
is advanced distal to the open distal port, as depicted in FIG. 
12E, for insertion of the catheter into the subarachnoid 
space. After needle 66 is WithdraWn from the distal port, net 
90 operates about hinge 89 to cover the distal port, as 
depicted in FIG. 12F, alloWing the CSF, and not the arach 
noid or nerve root, to enter the lumen of the catheter. 
The length of the catheter Will generally be betWeen 20 to 

100 centimeters, preferably approximately betWeen 30 and 
60 centimeters. The inner diameter of the catheter Will 
generally be betWeen 0.1 and 0.6 centimeters, preferably 
approximately 0.3 centimeters. The foregoing ranges are set 
forth solely for the purpose of illustrating typical device 
dimensions. The actual dimensions of a device constructed 




